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© A fully automatic immunological agglutination 
analyzing apparatus comprises a container supply 
device for supplying containers each having wells 
onto a first peripheral position of a rotary disc, a 
pretreatment device disposed in a position corre- 
sponding to a second peripheral position of the disc 
next to the first position and including a pouring 
device for pouring a sample liquid and a reagent to 
the wells of the container coming from the first 
position and an agitation device which may be posi- 
tioned in a position corresponding to a third position 
of the disc next to the second position, a detection 
device disposed in a position corresponding to a 
fourth position of the disc which is far from the third 
position so that a time which is long enough to 
achieve a desired antigen-antibody reaction is given 
to the moving container, a container recovery device 
positioned in a fifth position and an evaluation device 
disposed in . The rotary disc is intermittently rotated 
so that the container moves intermittently from the 
first position to the fifth position. 
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AUTOMATIC IMMUNOASSAY AND APPARATUS THEREFOR 



The present invention relates to an automatic 
analysis of immunological agglutination for use in 
clinical diagnosis and an apparatus for performing 
th same. 

The analysts utilizing immunological agglutinat- 
ing reaction has been used popularly in clinical test 
due to its advantages in selectivity and high sen- 
sitivity. A classical example thereof is the identifica- 
tion gf blood type based on agglutination of red 
corpuscles and a recent example is the measure- 
ment of antigen and/or antibody related to microor- 
ganism or cancer based on a utilization of new 
carriers. 

Examples of the apparatus which can automate 
such analysis or measurement are disclosed in 
Japanese Patent Application Laid-open Nos. 
146044/1980, 111447/1982, 11858/1983. 
22956/1983 and 105065/1983. In these prior arts, a 
series of operations based on the immunological 
agglutination reaction are automated to determine 
whether or not there is immunological reaction by 
optically analysing an agglutinated Image. In each 
of these prior arts, however, a reference value of 
agglutination is obtained by measuring ratio of light 
amount passed through or reflected from a center 
portion of a conical container to that related to a 
peripheral portion thereof- Therefore, it is difficult to 
apply them to judgement of various agglutination 
images with high accuracy. 

That is, although the conventional judgement 
which uses permeable light usually, a solution for 
agglutination reaction contains, in addition to sub- 
stance to be detected, various proteins which may 
be precipitated separately from a result of the 
aimed agglutination reaction causes a whole of the 
solution to be white by which the accuracy of 
measurement is degraded. Such phenomenon is 
usually caused by a complicated combination of an 
aimed substance and a test solution and, particu- 
larly. It becomes severe when a long time lapses 
after it is prepared by mixing the substance with 
the test solution or the solution contains proteins 
and/or salts at high concentration. Further, since, in 
the conventional system, an amount of light passed 
througn the solution is considerably reduced by 
scattering thereof by those substances precipitated, 
the light amount obtained does usually not always 
correspond to an agglutination reaction. Therefore, 
when th judgement is to be performed by convert- 
ing concentration into luminance, it is impossible to 
judge an agglutination exactly. 

Further, in the conventional optical detecting 
device for use in the judgement of agglutination, a 
reaction vessel or container is measured one by 
one. Therefore, it takes considerable time and re- 



quires a transportation device for moving micro- 
plates. 

In the clinical test field, there has been no real 
automatic apparatus for agglutinative immuno-ana- 

5 lysis although there has been semiautomatic ap- 
paratus in which an operation is partially automated 
while important steps such as test sample pouring, 
transportation of the test samples from a retreat- 
ment device to a detection device and a judging 

w steps are performed manually. 

An object of the present invention is to provide 
a fully automatic immunological agglutination ana- 
lyzing method and an apparatus therefor which is 
capable of providing a highly precise, high speed 

rs analysis of immunological agglutination. 

The apparatus according to the present inven- 
tion comprises a pretreatment device, a detection 
device and an evaluation device. 

The pretreatment device includes a plurality of 

20 reaction containers each taking in the form of a 
microplate having a plurality of wells, which are 
stacked in a container supply device. One of the 
microplates which is the lowest in the container 
supply device is derived and transported therefrom. 

25 The test sample pouring device may be one ca- 
pable of drawing up a certain amount of test sam- 
ple and pouring it to each of the wells of the 
microplate derived from the container supply de- 
vice by an amout of 5 to 200ut. It is preferable 

ao that the pouring device is washable or exchange- 
able after the pouring operation of one test sample 
to avoid a contamination of another test sample by 
the one sample. A pouring portion of the pouring 
device is preferably movable three-dimensionally. 

as A reagent supply device for supplying reagent to 
the wells of the microplate to which the test sample 
has been supplied includes a plurality of reagent 
pouring devices, a dilution device, a washing de- 
vice for washing the dilution device, a washing 

40 liquid tank and a transportation device. The reagent 
pouring device includes a plurality of storage tanks 
each capable of storing a different reagent of ar- 
ound 200 ml and a plurality of pouring nozzles for 
supplying the reagents simultaneously to the wells. 

45 One of the reagent pouring devices supplies a 
diluting liquid to one of the wells by an amount of 5 
to 200 lit and dilutes the test sample in the well 
by drawing up and discharging the liquid in the 
well repeatedly! Another of the reagent pouring 

so devices pours an immunological agglutination 
reagent to ach well by an amount of 5 to 200 ul - 
The microplate having the wells each filled with the 
test sample and the immunological agglutination 
reagent Is transported to an agitation device. The 
agitation device may be of vibration type or rotation 
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type. However, in order to eliminate undesired vi- 
bration of other portions of the apparatus, the vibra- 
ti^n type agitator is pr ferable. 

After the agitation, the microplate is transported 
to th detection device. The detection device com- 
prises an image pick-up device, a transportation 
device and a container collecting device. The im- 
ag pick-up device includes an image input por- 
: tion, an image memory, an image output portion^jt 

*^bwever, the camera may 



| be ari^visuaTsensor although TV camera is prefer- 
§ able in processing image data. Light from the light 
source passes through agglutination images of all is 
of the wells of the microplate and it containing the 
agglutination image information is inputted to the 
TV camera by which the agglutination in the welts 
of the microplate is picked-up. That is, agglutinated 
images in the wells of the microplate is illuminated 20 
by light from the light source and lights passed 
through the respective wells are picked-up by the 
TV camera as optical informations. The light source 
used in this invention is enough to illuminate the all 
of th wells of the microplate uniformly. The optical 25 
information is supplied to the image input portion 
and stored in the image memoiy portion which is 
i derived by the image output portion according to 
^demand. 

^ In the present invention, the agglutination im- 30 
ages can be picked up successively after a com- 
mencement of agglutination reaction or once after 
the agglutination reaction completes. In order to 
process the microplates which are transported suc- 
cessively to thereby perform either of the above 35 
mentioned image pick-up operations, it is prefer- 
able that the microplates are put in a detection 
position sequentially by the container transportation 
device which may be of a turn-table type whose 
rotation may be intermittent interval of which is 40 
controllable. When the final image is to be picked 
up, the container may be transported to the detec- 
tion position after 90 to 120 minutes from a com- 
pletion of the agitation. 

After the agglutination image information of one 45 
microplate, it is transported by the same container 
transportation device to the container collecting de- 
vice. 

The judgement of agglutination is performed 
according to the technique entitled "Method and so 
Apparatus for Judging Agglutination Pat- 
tern-disclosed in EP-A-257660 of Applicant 

This will b described in brief with reference to 
Figs. 1 to S. In these figures, a plate stand 5 is 
formed of a transparent plastic material, and its 55 
upper surface has, as shown in Fig. 1, substantially 
conical recesses 6 for receiving wells 8 of the 
microplate 7 at precise positions. Positioning open- 



ings 9 are perforated at the positions correspond- 
ing to vertexes of a rectangufe and fight passes 
through the plate stand 5 vertically upwardly. A 
main light source {not shown) is provided above 
the plate stand 5. An auxiliary light source of less 
power than the main light source may be provided 
below the plate stand 5. The coordinates of the 
positioning openings 9 are used to determine the 
center position of each well. In Fig. 2, it is assumed 
that the positions of the positioning openings are at 
coordinates of 9i (xi.yi), 92<x 2 t y2 )..9*(X4 ,y* ). 
Then a line connecting the openings 9 and 9 is 
expressed by Yi = ai x + bi . Similarly, three 
linear lines Yz , Y3 and Y* connecting the openings 
9s and 9a . 9i and 93 and 92 and 9* , respectively, 
are obtained. 

Then, each of a total of four linear lines is 
divided into 11 equal segments to obtain 12 points 
ki .... ki2. hi .... hi 2 . mi ,..ma and ni na are 
obtained, respectively. Then, 12 lines yi yi 2 
connecting horizontally these points kj and hi and 8 
linear lines xi .... xs connecting the points mi and 
ni are obtained. Then, the cross points of the linear 
fines yi and xi are obtained, which are used as the 
centers of the wells. 

Then, as shown in Fig. 3. an image of each 
well is divided radially into 8 sectors Si. S2,.., Sa , 
and the differential values of the pixels in the 
sectors Si to Sa are determined, respectively. The 
differential value of each pixel is a total of dif- 
ference in luminance between the pixel and adja- 
cent three respective pixels disposed radially out- 
wardly of the pixel in question. In the sector Si . 
pixels disposed adjacent to the left side, oblique 
upper left side and oblique lower left side of a pixel 
are to be compared in luminance with the latter 
and a total of differences are to be determined as 
the differential value of the pixel in question. In the 
sector S 2 , pixels disposed adjacent to the upper 
side, left side and oblique upper left side of a pixel 
are comparaed in luminance with the latter and a 
total of differences are to be determined as a 
differential value thereof, and so on. Fig. 4 shows 
the differential values of the pixels in the sector S2 
. When the differential value of the pixel D-lll hav- 
ing an intensity of "32 w is considered, as an exam- 
ple, a differential value of this pixel is 37 because 
intensities of pixels O-ll. C-ll and C-lll outwardly 
surrounding the pixel D-lll are respectively "44", 
-47" and "42". i.e.. 12( = 44^32) + 15( = 47-32) + 
1<H= 42-32) = 37. Thus, the differential value of 
each pixel is determined. 

When the differential values of th respective 
pixels are determined, the values of the pixels 
aligned on one line are compared with each other 
to d tect two pixels having largest two valu s in the 
same line as defining the edge of the agglutination. 
That is. when differential values are given as shown 
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in Fig. 5, two pixels in, for example, lines which 
have largest value 38 are determined as defining 
the edge and. in line f ( the pixels having values 34 
and 33 are detected as defining th edg . Simi- 
larly, when the edges "are selected for all the lines, 
the entire edge becomes as designated by a thick 
solid line as shown in Fig. 5 in which dotted chain 
lines indicate the actual edges of the agglutination 
portion. The number of the pixels inside the edge 
are counted, and the area of the agglutination is 
compared with a reference value. The contour of 
the agglutination is defined clearly by calculating 
the variation coefficient of the differential value and 
the contrast of the image is obtained by averaging 
the differential values. 

When final agglutination images belong to a 
certain kind, the values obtained as above men- 
tioned are used as they are and, when there are 
series of images belonging to different kinds, a 
triation rate thereof is obtained. 
The distribution of pixels having luminance lev- 
*el other than zero is evaluated by means of a 
microcomputer. A standard deviation of the dis- 
tribution is obtained and is divided by a mean 
luminance level to obtain a variation coefficient CV. 
Sine the CV does not contain factors due to 
variation of contrast, the problem caused thereby 
can be completely removed. The CV values ob- 
tained In this manner are plotted in the area 
(number of the pixels) to obtain a distribution for 
special item, the judged results are superposed on 
| th CV distribution to determine the boundary of 
the judgement which is stored in a computer 
%jnemory. 

Simultaneously, the same agglutination images 
are judged by skilled visual judge personnel and 
results are also plotted. On the latter plot a linear 
line is set empirically to divide it to a region which 
is decided by the skilled personnel as positive and 
the other region which is decided as negative. The 
linear line is used as a reference line which is 
memorized. 

The Judgement of the test sample is performed 
with reference to this reference line. 

The above mentioned judging system is well 
automated as disclosed In EP-A-257660. 

Figs. 6 and 7 show examples of the system for 
performing the above mentioned operation with ref- 
erence to Figs. 1 to 5, respectively. In Fig. 6, an 
agglutination image on a microplate 7 is stored as 
a video image in a TV camera 12 in an image 
memory 13, and the stored image is differentiated 
and, then, an area of the image Is obtained by an 
image processor 15. 

Standard deviation S of the pixel having inten- 
sity level not higher than zero is obtained by a 
standard deviation calculator 16 from the obtained 
profile and area of the image, and its CV is further 



obtained by a CV calculator 1 7. The CV is supplied 
to a plotter 18 together with the area obtained by 
the image processor 1 5, and is plotted on a graph 
having, for example, an ordinate as CV and ab- 
s scissa as the area. In the drawing: 

Figs. 1 to 5 are explanatory illustrations for 
explaining a principle of contour derivation of ag- 
glutination image which can be used in the present 
io invention effectively; — 

Fig. 6 shows a flow of a reaction container in 
an apparatus for performing the present invention; 

Fig. 7 is a block diagram of a 
detection/judgement device suitable to use in the 
rs present apparatus; 

Fig. 8 is a perspective view of an embodi- 
ment of an automatic agglutination judging appara- 
tus according to the present invention; 

Fig. 9 is a plan view of the apparatus shown 
20 in Fig. 8; 

Fig. 10 is a side view of the an automatic 
agglutination judging apparatus shown in Fig. 8; 

Fig. 11 shows, schematically, an agitation 
device suitable to use in the embodiment shown in 
25 Fig. 8; 

Fig. 12 shows another embodiment of the 
agitation device; 

Fig. 13 is a front view of another embodi- 
ment of the present apparatus, with a front wall 
30 portion thereof being removed; 

* Fig. 14 is a plan view of the embodiment 
shown in Fig. 13; 

Rg. 15 is a side view of the apparatus 
shown in Fig. 13; 
as Rg. 16 is a plane view of a reaction con- 

tainer transportation device of the embodiment 
shown in Rg. 13; 

Rg. 17a is a plan view of a container supply 
device of the apparatus shown in Rg. 13; 
40 Rg. 17b is a "partially cross sectioned side 

view of a bottom portion of the container supply 
device; 

Rg. 18a is a plan view of a container recov- 
ery device of the apparatus in Rg. 13; 
45 Rg. 18b is a partially cross sectioned side 

view of the container recovery device; 

Rg. 19 shows, schematically, a vertical 
transportation device for transporting a container to 
a position In which a pouring operation thereto is 
so performed; 

Rg. 20 is a front view of another embodi- 
ment of the agitation device; 

Rg. 21 shows a portion of another embodi- 
ment of the agitation device; and 
55 Rgs. 22 to 24 are graphs showing referen- 

ces of judgement for ATLA 

In Rg. 6 which shows a flow of a reaction 
container, i.e., a microplate having a plurality of 
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wells in an automatic immunological agglutination 
judgement apparatus for performing the present 
method, the reaction container is supplied from a 
container supply device 100 which is conveyed by 
an intermittent transportation device which is to b 
described later to a first position P1 in which a 
sample and a suitable reagent are poured by a 
sample/reagent pouring device 200 and, after a 
sampl and reagent are supplied to each of the 
wells of the microplate, the microplate is conveyed 
to a second position P2 in which it is vibrated by 
an agitation device 300 to agitate the contents of 
the wells to thereby mix them in each well. After 
the agitation is completed, the microplate is trans- 
ported by the same transportation device over a 
substantial distance long enough to give a suffi- 
cient reaction time T to a third position P3 in which 
a resultant agglutination is detected by a detection 
device 400. Then, the microplate is transported to 
a fourth position P4 in which it is recovered by a 
container recovery device 500. An output of the 
detection device 400 is supplied to a judging de- 
vice 600. 

An example of a construction of a combine 
detection device/judging device A shown by a dot- 1 
ted fine in Rg. 6 is shown in block in Rg. 7,j 
although either of the constructions shown in Rgs. 
6 and 9 of the aforesaid EP-A-257660 may bejjs ed. 
if necessary. In Rg-7, 




Vf necessary, the judging 

device 600 may further include a contrast calcula- 
tor 23 disposed between the variation coefficient 
calculator 16 and the plotter 17. 

An embodiment of the present apparatus is 
shown in Rgs. 8 to 11. in detail. In Rg. 8 which is a 
perspective schematical illustration of the present 
apparatus, Rg. 9 which is a top view of the appara- 
tus and Rg. 10 which is a side view thereof, a 
transportation device 700 In the form of rotary disc 
is provided on a support frame 50 below which the 
judging device 600 is arranged. On the transporta- 
tion device 700. a plurality of microplates 7 can be 
received equiangularly. The microplates 7 are sup- 
plied from the container supply device 100 onto the 
tra ns p o rtation device 700 one by on while the 
latter is rotated by a suitable driving means 706 
through a suitable transmission gear mechanism 
including a gear 704 mounted on a rotary shaft 702 



of the transportation device 700. The container 
supply device 100 will be described in detail with 
reference to another embodiment of the appara- 
tus.The microplate 7 fed from the container supply 
s 100 onto the transportation d vice 700 is firstly 
carried to a sample/reagent supply position P1 
thereby at which the sample and the reagent are 
poured to respective wells of the microplate 7 by 
means of a pouring nozzle member supported 
to three dimensionaily movably by a vertically mov- 
able support 206 which is movable in a horizntal 
plane. That is, the support 206 is supported by a 
lateral guide member 204 which, in turn, is sup- 
ported by a pair of guide members 202 extending 
is from a pouring device 200. A suction tube 208 is 
connected to the nozzle member to suck a pre- 
determined volume of the sample from a sample 
holder 212 and to discharge it to the wells of the 
microplate 7 in the position P1. The nozzle mem- 
20 ber is changed sample by sample. New nozzles 
are picked up from a chip holder 214. The position 
of the nozzle is detected by a suitable detector 
connected through a lead wire 210 to a control 
portion of the pouring device 200 to control it 
suitably. 

After the pouring operation is completed, the 
microplate is carried with intermittent rotation of the 
transportation device 700 to a position P2 at which 
the microplate 7 is vibrated to mix the sample and 
the reagent in the respective wells thereof. Al- 
though, in Rg. 9. the positions P1 and P2 are 
overlapped, the position P2 can be set at a next 
position to the position P1. The vibration of the 
microplate 7 is achieved by an agitation device 300 
such as shown in Rg. 1 1 . 

In Rg. 11. a rod 310 has a spherical portion 
312 in a center portion thereof, which is supported 
by a universal bearing 316 having a corresponding 
shape. A motor 318 is fixedly mounted on a lower 
end 310b of the rod 310 and an eccentric weight 
322 is mounted on an output shaft 320 of the motor 
318. 

A plate member 324 is fixed to an upper end 
310a of the rod 310 on which the microplate 7 is 

45 suitably mounted fixedly. The motor 318 is con- 
nected through flexible lead wires 328 to a 
control/power source which are not shown. With 
rotation of the motor 318. the eccentric weight 322 
is rotated by which a revolution momentum is 

so produced on the output shaft 320 of the motor 318. 
Therefore, the rod 310 revolutes around the univer- 
sal bearing as a fulcrum, so that the upper end 
310a as well as the plate member 324 fixed there- 
on revolute similarly causing revolution of liquid in 

55 each of the wells of the microplate 7. 

The radius and speed of the revolution of the 
rod 310 are determined by rotation speed of the 
motor 318, eccentricity of the eccentric weight 322, 
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length of the rod 310 and position of the universal 
bearing. When the eccentricity, the rod length and 
th position of the universal bearing are fixed, the 
higher the motor speed provides the larger the 
radius and the higher the revolution speed. 
Theoritically, it is possible to make a vibration 
component given to the support structure of the 
apparatus zero by suitably balancing upper and 
lower movable portions of this agitation device with 
respect to the universal bearing. It should be noted 
in this embodiment of the agitation device that 
there is an overflow problem of liquid in the wells 
due to inclination of the plate member 324 when 
the revolution radius Is too large. 

Fig. 12 shows another embodiment of the agi- 
tation device 300, by which the problem of overflow 
is solved. In Fig. 12. the plate member 324 is not 
fixed to the upper end 310a of the rod 310 but 
supported horizontally by a suitable support mem- 
ber 332. The plate member 324 is formed on a 
lower surface thereof a recess member 330 which 
receives the upper end 310a of the rod 310. With 
revolution of the rod 310. the plate member 324 
slides horizontally on the support member 332 
which may be formed Integrally with the support 
member 314. 

After the agitation is completed, the microplate 
7 is transported to a position P3 in which the 
microplate 7 Is illuminated by a fight source 402 to 
pick up agglutination images of the respective wells 
thereof by means of a TV camera 400 output of 
which is suppted to a image processing device 600 
in which the processing mentioned previously is 
performed. 

In order to give a time T (Fig. 6) long enough 
to achieve immunological reaction in the wells, a 
distance between the positions P2 and P3 is made 
large. Then, the microplate 7 is transported to a 
position P4 in which it Is recovered in a container 
recovery device 400 which will be desctbed in 
detail later. 

Fig. 13 Is a plan view of another embodiment 
of the present apparatus in which the constitutional 
components are moved onto a middle deck 50 so 
that only the pouring operation Is performed on a 
top deck 60. The embodiment will be described in 
detail with reference to Rg. 14 which Is a front view 
thereof, Rg. 15 which is a side view thereof, Rg. 
16 which shows a transportation device 700 in 
detail, Rgs. 17a and 17b which show a container 
supply device 100, Rgs. 18a and 18b which show 
a container recovery device 400, Rg. 19 which 
shows a device 800 for moving th microplate 7 to 
a pouring position and Rg. 20 which shows a 
agitation device 300. 

In Rg. 13. the top deck 60 is form d with an 
opening 62 through which a microplate 7 lifted up 
from the transportation device 700 by th elevation 



devic 800 in the pouring position is exposed for 
pouring operation. The elevation device 800 is 
composed of a vertical lead screw 804 rotatably 
supported between the top and the middle decks 

s 60 and 50 and a support member 110 in the form 
of cross plate having an arm an end portion 802 of 
which meshes with the lead screw 804 as best 
shown in Rgs. 16 and 19. The container supply 
device 100 and the container recovery device 400 

to are supported by a support structure 54 fixed on 
the middle deck 50 as shown in Rg. 16. The 
agitation device 300 is suitably supported above 
the transportation device 700 by a structural frame 
and a TV camera 400 may be supportd by the top 

75 deck 60 as shown. 

The transportation device 700 in the form of 
rotary disc is rotatably supported by a shaft 702 
supported by a bearing 52 supported by the mid- 
dle deck 50. A gear 704 is fixedly mounted on a 

zo lower end of the shaft 702 which meshes with a 
gear 708 mounted on an output shaft of a motor 
706 fixed on a lower surface of the middle deck 50 
through a suitable transmission mechanism so that 
the disc 700 is rotated stepwise. The motor 706 

as may be a step motor. The disc 700 is formed with 
a plurality of generally rectangular openings 710 
peripherally. Sides of each opening 710 are re- 
cessed respectively to allow a cross shaped eleva- 
tion member 110 to pass through and an outer one 

30 of the sides is notched as shown by a numeral 712 
to allow the arm of the elevation device 800 to pass 
through. 

The container supply device 100 comprises a 
generally rectangular cylinder shaped cover frame 

35 102 having one side opened as shown In Rg. 17a. 
A plurality of microplates 7 are stacked therein and 
the lowest microplate 7 is , supported by a pair of 
oppositely disposed flaps 104 as shown in Rg. 
17b. The flaps 104 covers full width of the frame 

40 and are hinged at bottom edges of the frame 102 
and biased by springs 106 such that they are kept 
horizontally to catch a bottom of the lowest micro- 
plate 7 and, when pushed up by the elevation 
member 110, turned-up to allow only the lowest 

45 microplate 7 to drop out from the frame 102. In this 
embodiment the elevation member 110 is sup- 
ported by a od 112 coupled to a piston of a 
cylinder member 114 fixed to the middle deck 50. 
However, any other elevation mechanism may be 

so used instead of the piston-cylinder mechanism. 

Rg. 18a shows the container recovery device 
500 and Rg. 18b is a partial cross section of a 
bottom portion of th device 500, taken along a line 
B-B in Rg. 18a. Th container recovery device 500 

55 comprises, as in th case of the container supply 
device 100, a gen rally rectangular cylinder 
shaped fram 502 and two pairs of opposite flaps 
504. Spring-biased hinge mechanism of the flaps 
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504 is substantially the same as that of th con- 
tainer supply device 100 except that corresponding 
flaps 504 of the respectiv pairs are separated 
from each other to allow the elevation member 110 
to pass through. It should be noted that such 
elevation members 110 are provided in the posi- 
tions P1 , P2, P3 and PS, respectively. 

Fig. 20 shows, in partially cross section, the 
agitation device 300. The agitation device 300 in 
Fig. 20 is fundamentally the same as that shown in 
Fig. 12, although inverted. The device 300 in Fig. 
20 comprises a first support structure including an 
upp r deck 318. a lower deck 320 and pillars 324 
connecting the decks 318 and 320. a vibration 
mechanism including a motor 318 having an output 
shaft mounted an eccentric member 322 thereon, a 
rod 310 having an upper and a lower rod halves 
310a and 310b and a center sphere 312 supported 
by a bearing 316 supported by the lower deck 320 
and a second support structure for supporting a 
mcroplate catch mechanism including a pair of 
nails 352 and a control device 350 therefor at- 
tached to a lower end of the lower half 310a of the 
rod 310. 

The upper deck 318 is suitably fixed to the 
frame structure of the apparatus and each of the 
pillars is composed of a pair of rod portions 324. 
An upper end of the upper rod portion 324 is fixed 
to a lower surface of the upper deck 318 and a 
lower end thereof is connected through a shock 
absorber 326 to an upper end of the lower rod 
portion 324 whose lower end is connected through 
a similar shock absorber 326 to the lower deck 
320. Therefore, a transmission of vibration to the 
apparatus structure is prevented. 

On the upper deck 318, a solenoid 330 is fixed 
by a support 334. A plunger 332 of the solenoid 
330 can penetrate the upper deck 318 into a re- 
cess 332a formed in a portion of the eccentric 
member 322 corresponding to the output shaft 
upon energization of the solenoid 330 when the 
agitation device stops to operate, so that undesira- 
ble swing motion of the microplate caught by the 
hook nails 352 is prevented. Fig. 21 shows another 
embodiment of the universal bearing the agitation 
device. The universal bearing takes in the form of 
gimbai whose structure and operation are well 
known. 

An operation of the embodiment shown in Figs. 
13 through 20 will be described with reference to 
Fig. 16. 

In the position P1. the cylinder 114 associated 
therewith is actuated to lift up the associated eleva- 
tion mmber 110 through the opening 710 of the 
disc 700 into the container supply device 100. Th 
elevation member 110 pushes up the lowest micro- 
plate 7 whil folding th flaps 104 thereof (Figs. 
17a and 17b) and carries down and I aves it on the 



opening 710 of th disc 700 while retreaving. 

The microplate 7 on the disc 700 is then trans- 
ported to the position P2 by a rotation thereof by a 
predetermined unit angle. At this time, the same 

s operation is performed for a new opening 710 of 
the disc 700 which comes into the position P1. In 
the position P2. the motor 808 is actuated to rotate 
the lead screw 804 (Figs. 14 and 19) so that the 
portion of the arm 802 meshed therewith and 

w hence the elevation member 110 is moved upwar- 
dly through the opening 710 of the disc 700 while 
picking the microplate 7 thereon up to ultimately 
position the microplate 7 in the opening 62 of the 
upper deck 60 of the apparatus. When the micro- 

is plate 7 is fixedly positioned in the opening 62. the 
pouring device 200 is actuated to pour predeter- 
mined liquid to the respective wells of the micro- 
plate. 

After the pouring operation is completed, the 
20 motor 808 is reversed to rotate the lead screw 804 
in reverse direction to thereby lower the elevation 
member 110 through the opening 710 of the disc 
700, so that the microplate 7 is put on the disc 700 
again. Then the disc is rotated by one step to the 
25 position P3. In the position P3, the elevation mem- 
ber 110 associated with that position is moved up 
to lift the microplate having liquid filled wells up to 
the hook nails 352 of the agitation device 300 
arranged above the position P3 with the plunger 
jo 332 being received in the recess 322a of the 
eccentric member 322 and, at a top position of the 
elevation member 110, the nail control device 350 
is actuated to hold the microplate by the nails 352. 
When the microplate 7 is caught by the nails 352. 
35 the solenoid 330 is deenergized to make the ec- 
centric member 322 free and then the motor 318 is 
actuated to agitate liquid in the respective wells. 

After the agitation is completed, the elevation 
member 110 is lowered through the opening 710 of 
40 the disc 700 leaving the microplate thereon. There- 
after, the disc 700 is rotated by several steps to the 
position P4. A time period required for transporta- 
tion of the microplate from the position P3 to the 
position P4 should be long enough to obtain a 
45 desired degree of immunological reaction. In the 
position P4, the microplate 7 is illuminated through 
the opening 710 by the light source 402 and light 
passed through the microplate and containing ag- 
glutination information is picked up by the TV cam- 
so era 400 the output of which is processed by the 
processor 600 as mentioned previously. 

Then, the disc 700 is rotated by one step to 
transport the microplate to the position P5. In the 
position P5, the elevation member 110 associated 
55 therewith is lifted up through the opening 710 to 
push the microplate thereon into the bottom of the 
containter recovery device 500 arranged 
thereabove while folding th flaps 504 which are 
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returned to the original states after the microplate 
passes therethrough. Then, the elevation member 
110 is lowered while leaving the microplate in the 
recovery device, and one cycle of op ration com- 
pletes- The same operation is performed for the 
micropiates successively. 

A control device foP controlling, in synchronism 
with the intermittent operation of the disc 700, the 
operations of the elevation member 110 associated 
with the container supply device 100. the pouring 
device 200 and the associated elevation device 
800, the agitation device 300 and the associated 
elevation member 110, the TV camera and the 
associated light source 402 and the elevation mem- 
ber 110 associated with the container recovery 
d vice 500 may be easily constructed by those 
skilled in the art and, therefore, details thereof are 
omitted in this description. 

The time to be given for the travel of the 
container 7 on the rotary disc 700 from the position 
PS3 to the position PS4, which Is enough to 
achi ve the desired antigen-antibody reaction in 
the wells should be as short as possible in design- 
ing the present apparatus. Figs. 22 to 24 are 
graphs useful to determine the time, i.e., the rota- 
tional speed of the rotary disc 700. 

Fig. 22 is a graph showing a relation of area 
obtained from a contour of agglutination deter- 
mined by the image processor 600 to time, Fig. 23 
is a graph showing a relation of the contour of the 
agglutinated image to time and Fig. 24 is a grapg 
sowing a relation of contrast of the agglutinated 
image to time, for anti-adult T cell leukemia anti- 
body as a test item. As is clear from Figs. 22 to 24, 
the time necessary to achieve the desired reaction 
can be clearly defined around 30 minutes in the 
case of Fig. 22, around 50 minutes in the case of 
Fig. 23 and around 40 minutes in the case of Fig. 
24. In any of these three cases, the time is much 
shorter than in the conventional case which may be 
around 2 to 3 hours. Thus, the present apparatus 
should be designed such that the container 7 on 
th rotary disc 700 moves from the position PS3 to 
PS4 for about 50 minutes or less. 



Claims 

1. An automatic immunological agglutination 
analysing apparatus comprising container supply 
means for supplying containers successively, 
preprocessing m ans for pouring succ ssiv ly to 
respective wells of said container supplied from 
said container supply means agglutination im- 
munological reagent and sample liquid and agitat- 
ing said reagent and said liquid in said wells, 
means for holding said container stably for a time 
long enough to allow an antigen-antibody reaction 



between said sample and said reagent in said wefls 
to occur, information pick-up means for obtaining 
agglutination pattern images of said wells of said 
container, judging means for judging said agglu- 

5 tinatiofi images supplied from said information pick- 
up means, recovery means for recovering said 
container from said information pick-up means suc- 
cessively and transportation means for intermittern- 
tly transporting said containers from said container 

io supply means through said preprocessing means 
and said information pick-up means to said recov- 
ery means. 

2. The apparatus as claimed in claim 1, 
wherein said transportation means comprises a ro- 

75 tary disc having a plurality of equiangularly spaced 
container positions peripherally and a drive mecha- 
nism for driving said disc intermittently. 

3. The apparatus as claimed in claim 2, 
wherein said preprocessing means comprises 

20 means for moving said container supplied from 
said container supply means onto a first one of 
said container positions to a position on a top deck 
of said apparatus corresponding to a second posi- 
tion of said disc next to said first position, means 

25 for pouring said liquid and said reagent to said 
wells of said container and means for vibrating said 
container to agitate said liquid and said reagent in 
said respective wells, said vibrating means being 
disposed in a position corresponding to said sec- 

30 ond position of said disc. 

4. The apparatus as claimed in claim 2, 
wherein said preprocessing means comprises 
means for moving said container supplied from 
said container supply means onto a first one of 

35 said container positions to a position on a top deck 
of said apparatus corresponding to a second posi- 
tion of said disc next to said first position, means 
for pouring said liquid and said reagent to said 
wells of said container and means for vibrating said 

40 container to agitate said liquid and said reagent in 
said respective wells, said vibrating means being 
disposed in a position corresponding to a third 
position of said disc next to said second position. 

5. The apparatus as claimed in claim 4, further 
45 comprising a frame structure having said top deck, 

a middle deck and a bottom plate and wherein said 
pouring means is disposed on said top deck and 
said container supply means, said recovery means 
and said disc are disposed on said middle deck. 

so 6, The apparatus as claim in claim 5, wherein 

said information pick-up means is disposed in a 
position corresponding to a fourth position of said 
disc, said fourth position being separated from said 
third position by a plurality of equiangularly spaced 

55 positions, the number .of positions between said 
third and said fourth positions corresponding to a 
peripheral distance long enough to provide to said 
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container said time while intermittently moving 
therealong, and said recovery means is disposed in 
a fifth position next to said fourth position. 

7. The apparatus as claimed in claim 6. 
wherein said vibrating means comprises an electric s 
motor having an output shaft mounting thereon an 
eccentric weight member and a rod extending op- 
positely to said output shaft a support structure 
having a universal portion for supporting a center 
portion of said rod and a container holding member w 
engageable with a free end of said rod for holding 

said container such that the latter revolutes upon 
an eccentric rotation of said output shaft of said 
motor. 

8. The apparatus as claimed in claim 7, 75 
wherein said container holding member is fixed to 
said free end of said rod. 

9. The apparatus as claimed in claim 8, 
wherein said support structure is supported by said 
frame through shock absorbing means and sus- 20 
pends said container holding member, said con- 
tainer holding member being adapted to suspend 
said container. 

10. The apparatus as claimed in claim 9, 
wherein said vibrating means further comprises 25 
means for allowing said container holding member 

to revolute only when said agitation is desired. 

11. The apparatus as claimed in claim 10. 
wherein said fixing means comprises a solenoid 
having a plunger engageable with said eccentric 30 
weight. 
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FIG. 3 
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FIG. 13 
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FIG. 18b 
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